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tum compactum off tissue menibrane ($ provided. TMa 
present invandort further pravk:iea a metiiod for produc- 
fng a medical device consisting afiaentially of slratum 
compac:tuni of tissue rnafTibcTan& TTie methcxi conrt- 
priaas tha steps of: separating ttaaue membrana inolud- 
ing sbaturri compactum from tf$$uft; sterilizing or 
disinfecting ttie separated tia&ue membrane; and 
removing all other layers except the stratum conpadum 
from the sterilised or disinfected tissue membrana using 
anoreTme. 
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DeseirtpVon 

The present invenlfon relates to a medical device. More particularly; the present Invention relates to a medical 
C^o& used tor a medical proGthesIs and an art^ldal tissue which are fmplantabld and tissue-regenerative, ouch as a 

s pledget a bolster, a patch grafl, a suture, wound and burn dressings^ a donof-^ite aWn graft, a poet-operative antiadhe- 
slve, an artificial Wood veesei, an artificial urethra, an artitlcial ureter, an artificial esoprtagus, an artificial trachea, an 
artificial mairibrana tyrnpani. and an arttficial oral fmicosa. 

In the field off surgery, when damage, abnormality, dysfundian or the like occurs In a certeln sita of body tissue, the 
dafectrva tteaue to conveniionally and fraquantly repaired by anaplerosia and prosthesis using an artmcirt substance aa 

ic» a madical devica subatitub'ng the tlinctlon of the fisauOp for curing the tiBsue. pr»^enting adhesion of the fj^sue and 
reslricHro the abrrorfnal dewelopmenl off the tissue. The abovrft-mentioned medioai davicea are required to have; bo 
Gonpafibinty in blood, biological fluid and^or body tissue; physical properties ainh as strenglh, elorgotlon, softnesfl and 
flexlbfllty^ and chemical and biological eaf^ neoBBsary for the portion and condition to be appRed and sutirt and anaa- 
tbmosla; and suKodble operati/enes& 

15 Qenaralfy, existino tissua-derJved materials* wfieiher homologous or hatarologoua. are conventionally used 
because of Ihefr accaptaUe aaff^ and eff fcqcy characteristics, ewen though undesirable oonditlonB sucli as Immuno- 
logical rejection, Wood coagulation, tissue hypertrophy, keloid or the like may be caused in soma cases when anthesia 
is conducted. The tfssiie<l9rh/ed materiate lr>clude medical davloes derived, lor example, from human cerebral <lirB 
mater, human fasda lata, horse perlcartKum ar^ p'lg perScaixflum, 

^ On the other hand, synthetic polymer matetlals are also widely used as medical devfcea because such matentfa 
have excellent physical properties which can be easily confrdled. However, nrwny of the synthetic polymer materials are 
infefior to the afbrfynerlioned tissue-derived matarlate In terms of bioconnpatlbnit^ bioaffirity and the like, firforaover, 
these synthetic polymer materiate fack physioVDgtaal tuncllon. for example, tissue regeneratton. TTi^afore, the symhetio 
polymer mflterkls menaly substitute the body tissue with foreign eubstancas. Thus, a novel medical deM ce possesshg 

2s the at^e-menticned excellent Characteristica is still required. 

As medical dwices made of Such tissue-derived materialfi or synthetic pc^ymar materialSi th© fbllowino materials 
have been conventtonaiiy devefoped. 

Fw axarrple. Japanese Patent Public^on No. ^4229 relates to a medical prosthesis utilizing human amnion. US 
Patent No, 4>361»S52 relates to a burn dressing in which a crossiinted human amnion is used. Furthermore, stepanese 

90 Patent Publication No. 58-52662 relates to a stnicture for covering damage made ol an air permeable cloth substrate 
on whfeh coHaoen^JIsperBed gel is carried Japanese National Pubncation Na 61-502129 relates to a CQllagen-baeed 
btodegradabla matrix for use hi the topical application of an external or Internal wound. 

However, nona of the above-memiored medical devfcas described in the publications sufficiently salielles all Of the 
dMve required pnjperfies. The above-mentioned medical devices satisfy only a specific property among biocompatibil- 

SB Hy, strength, flexibility, operatfvenees for cperation. but they do not satisfy the other proper«es such as KoconpaSOiiify, 
strength, f l«cibilrty and oporatlvenesa. Otherwise^ even though some off tha above-mentioned medical dowioes may pos- 
eesa all propertiefi to a certain levrf. the levete are InsuWdent for each of the reqiAred propefliaB. 

More fip^icifically, tor exampla human amnion deacrlsed m Japanese l-aid-Opon Patani Publication No. 3-4329 
coit^rises cells and cytoplasm such as an epfthdiium layer and a f ibroblasi layer. Therefore, there la a possibility that 

40 serious side-effects are caused duo to the activity of a alow vfrus, the actMty d prion which Is a pathogen causing 
Creutz fefdt^al^jb syndiome and an Immunological reiection, if the human amnion is euffidenlly crosslinked. tor esxam- 
ple. by glutaraldah>^ie to decrease these medical risks and io improve the pfoperiiaa of material, the modified human 
amnion cannot be absorbed in the body, and as a result a foreign substance is preeent in the body such as ^'^c^"^ 
Tenon"*. Thus, chemically modified materials are disadvantageous In that the materials permanently remain In the body 

4S and are further encapsulated by eunounding fiscue. and the encapsulated flssue portion Is thicl<ened and enlarged with 
the elapse of time. ConssquanHy, diead^/antageous disorders, such as adhesion between the per*5heral fcsues are 
caused. In this way, the above^enttoned conventionally medical devices are not medical devlcea for homologcxis 
trarreplantatron. . 

A medical prosthesis made of a human cerobral dura mater, which has cell flssires. has been used tor savaral dec- 

S9 adea, arxJ Is acc^ied as a medical prosthesis for homologous transplantation. However, it is not I egally aocepled to be 
appRed to a Wofoglcal region except for the human cerebral dura mater. Moraover. it has been recently reported that a 
serious side effect that is epilepsy, oca^rs after the prosthesis on human cerebral dura malar. Furthermore, since Iho 
medical prosthesis rmde ol a human cerebral dura rrater is collected from a human body, the material is disadvanta- 
geous In Its poor abinty of supply and extremely high coat nius. tha medical prosthesifi made of a human cer^ral dura 
S5 mater has a critical defect that it is not equally offered In terms of medical wdfere. 

When a defective part undergoes anaplerosis or prosthesis by exsection in an abdominal organ, it is impo^iUeto 
suture the defective part as it is in the case where the organ is a foeble organ such as the liver. On the other hand, when 
a defeBllvo pert undergoes anaptertsete or prosthesis by exsection in a bona, significant strenglh is required to suture 
and 1b( the defective portion. In such a case, a suture rainforclng material awdlent in strength and f lexajllity Is r^ired- 
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a mecJJcal t^u^t which is excellert in strength, wftness «nd fi^'bilify and has bioabsorption atjifity, is 
requlrea. For exampte, a mesh febric made of poJyglyoofic acW « used a« a medical deviCB eaiisfyrng the above condJ- 
lions. However. fiin(» the mesh fabnc is permeaWe^ it cfisarivamafl«Hisl jr leate body fitdd, tor eKfimpl8t W« from a gall- 
bladder, from an organ to wNch the mesh fabric is applied. 

5 In prtwiheiic therapy of an affected porfion, a medical device is required to saiiefy the following conditiona: c^bit- 
ity of preventing liquid and gad in Ihd ^Ifad portion from being leaked and loet; easinefis to be sutured: capaMty of 
relnforeing by suture; btoabsorpflDn to pramote regeneration and self-repair of tissue of an affected part excellent blo- 
compatibilily; eKcellenl operativenass^ for example, easiness to treat In surgjcaf operations in terms of adheston to a 
defective part; stably supply at reasonable cost 

19 The medtcal devica of the preeent Invention consists essentially of stratum cempachim of tissue men«)rane. 
In one embodiment of the present invention, the tissue membrane is human amnion. 

In another entedimerrt of the present Invention, a matrix pattern on a top face of the rtrafcim aompHCtum (a asym- 
mottrical With respect to a matrix pattern on a bottom face thereoi 

In still another ©mbodrmeht o* the present invenfion. the medical d^loe is membranous. 
IS In st'li another embodiment of the present invention, the medical do/Ice is fibrous. 
In stni another embodiment of the present Invention, the medlcat device is tLdsular. 

According to one asped of the present cnvantlon, the oompo&rts madical device of the present (nvanlian ooinpdses 
a medlcaJ mfltertal consisting essen^ally of stratum compactum of tissue membrane and a bioat3&orbal)la material 

In one embodiment of the present Inverrtion. the biosbsort?aWe materia! is polyglycolic add, polylactic add. or a 
go copolymer inducfing gfycolic acid or lactic acid as main oompone^ 

In another enijodiment of the present invention, thebioabsorbable material is a mesh-lil<e material having an aver- 
age diameter of a pore In the range of about 100 to about 2000 yum. 

In sttH another embodiment d the present invention, the medical mateftoi Is merrt^anotia and ihe btoabsoftable 
matenal is flat ^eet-shaped, and the coiTipo$ite medical devfce has a sandwtch-like structure in wNch the bioabsorb-^ 
ss aWe mater ral is Interposed between a pair of mentjfanous medical materlate. 

In still another embodiment of the present invention, ihe medical material is membranous^ and the medical material 
Is relrtforced with stitching of a fibrous material made of the bioabsortwbie material. 

AccortBng to another aspect of the present Invention, a method for producing a medical device consisting essen- 
tially of stratum compactum of tissue membrane, includes the steps d: separating tissue membrane inchjcfing stratum 
90 compactum f^om tissue: steril'ulng or disinfecting tho sepamied tissue men^rane; and removfnfl all other layera except 
the stratum compactum from the sterilized or disinfected tissue membrane using an enzyma 

Thus, the friwention described herein maJ<8S possible the advantages ofc (1) providing a medical device ejtcenent in 
bioaHinity and biocompatibility: (2) providing a medical device capable of eff^vely completing regeneration and seff- 
repair of tissue of a defective portion. wWch ts an affective substitute fer the defective portion along wfth regeneration 
SB Of tissue of fria defactiVB portion and then is degraded to bo absoited in a human body or to be ajccroted so as nd to 
remain in the body; (3) providing a medical device excenent in operativeness in surgical operationa, which provides sim- 
plified operafions and reduced operaSon time by enabling both manual and 'mstmmerrtal suture and anastomosis and 
obvialino drainaQe; (4) provfcfing a composite medical dartce, which is obtained by effectively reintordng a medical 
device having the above excellent effects, useful fOr anaplerosis and prosthesis of an affected site and repairing a 
^ defectve site: (5) providing a method for producing a medical device having the above-mentioned excellent effects: and 
(6) provldlr^g a medical devio© and a conipoafte medical device providing pharmaceutical economio efficiency capable 
of reducing the medtcal expense by taciliteting the treatment d a defective part reducinQ hoepilBllzatlon and rehabilita- 
tion time periods of a patient, reducing a Ifme period required fbr a surgical operation and simplifying su-glcal opera- 
tions. 

45 These and other advantages of the present invention will become ap^rent to those skilled In tho art ipofl reading 
and understanding the following detailed deeorlption with reference to the accompanying figures. 
Figure 1 a oross-secitonal view showing the constitution of human amnion. 

Rgure 2 is a cross-sectional view showing an example of the struchire of a oonrposte medical device acccaitfing to 
the present invention, which consists of a thr6e4ayered material coniaining a re*n*orcing mambrane. 
so Figure 3 is a plane view showwirig an example of a composita medical device acoonding to the present Invention, 
which is reinforced by stitching. 

Figure 4 is an enlarged partial plane view showing a stitch pattern of a peripheral area a shown in Rgure 3, 

Figure 5 is an ehiarged partial plana view showing a stitch pattern of a central area b shown In Rgura 3. 

Rgure fi is a crofis-^eclional view talcen along a line IV-I V In Figure 4, 
S5 A medical devloa according to the present Invention consists essentially of stratum compactum of ttesue mem- 
brane, more specifically; stratum ooinpactum of connective tissue membrane, in the present invention, the wording 
"consists e6sen<dny of strafura compactum' means that a mecleal device only Hicludes Ihe stratum compactum but 
does not Include any ollw components of tho tissua nreirtwane such aa epithalrLirt, basement membrane and flbrDb- 
iast The medical device mayL however, Wude these other components at such an axtremely smaH amount that these 
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coirponenis remain only as a Uaca The siratum compadum had acallular nature. Hi© stratum connpflctum of tf» tissue 
mecnbf^neoompriaefi a collagen layer Including type I , type III, type IV.type VandiypeXVI collagen^, in which collagen 
fbers are present in a finely reticulata form. The medical devico QCOO*dinfl to the present invention is otsta'rned by 
reniowing tissue menijrane containing stratum compactum from body tissue and further removinfl the stratum oonpac- 
e tum therefrom. The tissue mentjrane indudes human cerebral duia inaier, human fescia lata, horse pericercfium, pifi 
pericarelium and human amnion. Preferably, a medical device acconding to ffte praseni Invention made of human 
amnion. Figure Ilea crose-eectfonal view showing the constitutson human amnion (NANKODO Corporation Uinited; 
KISO TO Rlh^VO (Basic Medicine and Clinical Medicine). 1981. tlacenta", See page 31, FiGure 34 for amnion at the 
1391 week of pregnancy) . 

to Wrth reference to Flgura 1, m© human amnion comprises: epithaBum and baeement membrane 1 (both collactivsly 
denoted by the reltemnco numeral 1); dratum contipadum 2 having a Width of about l D and ffbroWaet 3, A medical 
decree aocordinfl to the present liwentjon oonsists essertiBlly of etratum compactuin2, excluding epithefium. basement 
membrane 1 and fibrdblast 3 from human amnion. As deacrtied laler. the componenia except for stratum compactum 
2 are essentially eliminated by oonducfina the follcwrifig treatments on human amnion. A method for obtaining a medical 

IS device^ in particular, a membf^ious medical da/Ice. acooidino to tie preeent invention wU be described in dacall below 
talting human amrilon as an example. 

First, a tetal membfane alone is removed and separated from fraah placenta, umbilical cxwd andtfielStecsffejiunin- 
tected woman In the state off maternity immediately after partlirtlion. Blood la immediataly removed from the separated 
fetal membrane by washing with a physlotogicaf saRne solution defined by the Japanese Pharmacopoeia No. C-1365, 

£0 I.B-, an isotonic sodiirm chloride soCution. 

■me fetal membrane from which blood te removed is desaKnIzated and washed with asepHc non-pyrogenic purified 
water. The dasallnlzHted end washed fetal membrane is allowed to stand in 0.1% benzalkonium chloride eaiution 
ddined by Japanese Pharmacopoeia Na C-370 lor ^4 hours or mora It i& considered that a treatment In the beruatlaj- 
nium chloride solubon described ebove causes separation among membrane layers coneftuting the fetal membrane 

2S siich as amnion, chorionic membrane. decWua capsufaris and decidua basalls, disinfection and ster iliiatlon. and denat- 
uralization of the ceil-containing layers. 

The armion separated by such a treatment is subjected to irftrasonication using aseptic non-pyrogenic purified 

Nett, the thus obtained amnion is subjected to enzymstic treatment. Tli© enzyme includes f icin which is one of a 
30 mrriber of tWol proteases. The amnion is immersed in 0,2 M phosphate buffer solution, pH of about 7.0 to about 7.5. 
prcferdWy, pH of about 7.4, containing O.D1%ffcin at room temperaiure for 24 hours. Subsequently, the amnion treated 
with flcln is subj acted to ultrasonic washing using aseptic non-pyrogenic purified water. 

The thus obfaiined membranwe mate* iai eubstanliaiiy only incCudas stratum oompactum, and exdudea all compo- 
nents except for stratum oonpactum from amnion. This t& corlirmed by the following features of the resuftant manrtara- 
35 nous materiai- 

(1) No ceil-oontaining layer ia found irt the membranoue maiarfal through mtooecopic observation. Moreover, a 
matrix siruciure in whicfi a pattern on a surtsice la aeymmeiiical with respect to a maMx pattern on a bottom face, 
which is assumed to be possessed by etratum compadum included in human amnion, is observed, 

(2) A ratio Of the thickness of siraium compadum to the total thi^eee of human amnion is m the range of aboul 
70 to about 80%. fo the case where a thldoiass of the meirftranous material, obtained by ttie above-mentioned 
treatment, is measured for ao times^ and the cal<ailated averaga rafia of the thld«ieea is 77%. 

45 (3) The memt>ranDne material Is acellular and is composed of collagona, which include colfogona d ^e 1. lypo III, 
type IV. typo V and type XVI a fiJfi^lfillL 112* B5$-363 (1992)). 

The abcwe-montfoned membranous material may be further subjected to slarinz^ion, disinfection. crossRnWng and 

modification. */f j. « 

fid TTi© aterinzation or delnfection treatment Includes boating including a treatment using an autodave. U V irradraflon, 
electron beam irradiation, gamma irradiation and a irealmem with ethytene oxide aes- 

Tha crossfinWng or modificafion indudes a process of a croaslinMng reaction using glularaWehyda carbodiimide or 
euodnic anhydride. 

Since the above mombisnous malarial ia strong enough, the membranaus material can be used as a medical 
ss device without oonducrlng ariy further treatments or processes. The membranous medical device can be used as a 
medical product such aa a donor-sHe sWn j^aft and wound and burn dressings. The membranous medial device ^ 
also used as a medical piosthesis for a defective part of a pleura in comb&iation with fibrin coagulation. Safely and 
effectivene&B of the merrtsianoufi medic«ii device as a homogmit altawing the regeneration and seM-repair d tiseue can 
be demonstrated through animal expenments. 
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In one onnbodlment tfie medical device sccording to (fie invention can bd fibrous. The tlbroiis material Includes fil- 
amsntg, Hireacte and the Bte. For example, the tkewte can be obtained by cutting the membranous materia! or ttie 
memb-anous material irrvnerddd imo fifilatina or collagen solution into str'^ end twi^ng the str'p? into (hreads. Fur- 
thermore, a plied thread can be formed by plying and twfsting the obtained threads. This fibrous material ie physically 

5 crosfiltnked. Le.. entangled, or chemicaHy Cfoesttnl^ed to forni an extremely strong thread or pfled thread. The resultant 
tibrous medical devices can be used as medical devicas fbr homologous tr&fiBplantatlon. 

In another ernbcdinient, tfte membranous materfal may be formed into a tubulai mBinber. The tubular metmfcier can 
be formed by, for ttcampto, a f ilamenit winding method. The fllBment wlndlrfeg method Indudea the steps of: winding the 
thraad or the pfled thread prior to bebHP erossllnked around a bar-shaped core malarial In a layerad manner in a wet 

iQ state $0 as not to leave any space: crossfmUng the wound material by the addftiOf) of a croeslinking agent, resulting In 
a tubular material; and removing the bar-shaped oore material therefhnn. A strip material obtained by oitting the mem^ 
branous material pmduced by the above method Into a strip also can be used aa a starting material Instead of the 
thrsad in the f itament winding me«Kd. The tubular medical device may be used far an artlfldal urethra, an arlif idal uro- 
tar, an artjlicia] esophagus, an artificial trachea or an arflficial Wood vessel used tor homologous transplantation. 

15 In the case where a membranous medical d«wiC9 is used for prosthesis of a portion of an abdominal organ to be 
subjected to an operation, the strength of the membranous device merely made of stratum compadLim may ba insuffi- 
denl for perfbmiing prosihosls. Therefore, ths menibranotis nr^aterial made of stratum oonpactum rrttiy ba reinforced 
with a reinfbrcing material so as to be used as a composite medical devfc& 

The relntord ng matenal used in the present invsmSon Is a bloabsorbable material. The bioabsorbafcle nr^erlals can 

«o be either natumlly-occunir^ or §ynthefiCL In a prelwred embodiment, the bioabsOfbable material is pdyglycolic acid, 
potyladlc acid Or a copolytnef includino comporents thereof (i.e.. olycolic acid and/or lactic acid) as rrwin components. 

Attlvugh tha rainfbrdng material can be a ctoth indudffig a taxtile and a knitting fabric, afteraqs matariBl or a mash- 
li1«e maierialp the fbrm of the reintorcing material is notpartScuiarly limited. In on© preferred emtiodimeni of the Invention, 
the reinforcing material ia a mesn^lrka material having an average pora diameter in the range of about 1 00 to about 2KK) 

^ Jim. 

As an example of a oomposHa mecfical device according to the present invention, a sandwich-Jllce layered structure 
is shown In Rgure 2. The composite medical device has a sandwich-like structure in which a woabsoit>abie material 7 
is intarposed between a pair of membranous medicaT materials 12 each consisting eesentiaily of stratum compactum. 
Preferably, the composite medical device accoiding to the present invemiort has such a structure that a mesh-tike bio> 

90 absorbable matenal is interposed between a pair of membranoue materials made of stratum compadum of human 
amnion. Any method may be used as a method for laminatino the menlbranous medtcal materiaifi 12 each made of stra- 
tum conpadum and the membranous bioabaorbable material 7. For evanrtple, roHer oompresaion can be used. 

The above-mentioned sandwicWike layered structure is produced, for example, as follows. Rret, a pair of memfora- 
nous materials Immersed into gelatino or collagen solution and a mesh fiabr^c made of polyc(lyoolic acM immersed into 

as gelatine or collagen solution inferpoGed ihereb^aan. Then, gelatine or collagen moteculas wttioh are irtformiy die- 
pcrsed through the tivee menlbranous materials are chemically crosellnkBd or physicaSy crosslinked. i.e., entanflied* 
TeeuWnQ in a sandwich-iika layered Btnjcture Integrally fiormed bf croeG&hKed gelatins or oollagen. 

In another preferred embodiment, the membranous medical maleriat Is reinforced by stitching the membrane mada 
of stratum compadum with a fibrous material mada of the bloabsortjabie material. 

40 A partlcularty prefened fibrous material made of the bioatssori&abie material is a fibrous material rnade of polygly* 
cofic acid» polylactic add or a copolymer including con:ponents thereof (i.e., glycolic add and/or lactic acid) as main 
components. A twisted thread which Is obtained by twisting a strip formed by cuttinQ the membrane made of stmluin 
compactum, preferably, stratum compadum <rf human amnion and a plied thread which is fbrmed plying and twisting 
the iwiBfed threads can also be used. 

45 The Eflt^ patterns used herein induda, but are not limited to, running stitch and zig-zag stitch.' A region where the 
membranous macScal devices is to be r^nforced by stttcWng is not Rmitod. A ditching process can be perPonned in a 
per^Jheral area of the membranous medical device or the membranotB medical device. Figure 3 is a plane view 
showing an example of a composite medical device acconiing to the present invenSon. 

A peripherrf area a of the composite medical device shown in Rgure 3 Is stitched In mnriing stitches, for exarripJa. 

50 along tour sides of the aompoeW^ medical dovlco. The peripheral area a con'osponds to a region between a Dna 2 mm 
Inside and a line 20 mm Inside ftom the outer circumference of four sides of the membranoi« material 22. Figure 4 is 
an enlarged partiafl plane view showing the rfifdi pattern In the periphemi area a. As shown in Figures 4 and 6. stitches 
are done SO that an Interval between one stttch line and another sfa'tcli Une is 4 mm and an Interval between adjacent 
stttches Is 2 mm. Rgure 6 ia a cross-Gectlonal view taken along a line in Figure 4. 

ss A central araa b surrounded by the per^eral area a can be stitched in running stitches both In vertical and hori- 
zontal directionR Figure 5 shows an enlarged partial plane view showing the stitch pattern in the central, area b, Aa 
Cfhown in Rgwa 5. both in vertfcal and horizmtal directions, stftches are done so that an lnlen«l between one stilch line 
and anoihar etildi line Is 1 0 mm and an intenral between adjacent ditches is 6 imv 
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The con^itQ medicaf device reinforced by stftching Is exceilent In b'tocofrpatibtlity* bloaffiifty; Btrength and fleod- 
birty as well as easiness to treat and strongih for euture. If a membranous medical malerial i8 reinlbrce<J by other meiTv 
branoiiB reinforcing nraterials, a compficaled pnjcess Is required to tigfiHy join the reinforcino material and the medical 
materia] together. Even wfien the r^rrforcing material and the medical material are successfully jcinfid tooether. the 

$ reinforced medical d wee tJecomas unnecessarfly thick. On the other hand, the dJOrtipofitt© medical device reirfbrced by 
being stitched according to certain embodiment of the presem invention is scarcely thlct<ened. Thus, the resultant 
conpoBite medical de^ is excenent m f laidbiBty allowing the medical device to eorreepond to any shape, and there- 
fore is Gxcellem m easiness to treat. 

The medical device apootding to the present Invention consists essBnlially of stratum compactum of tissue inem- 

?9 bnana. In general* tissue le formed k>y cell Qnowth utilizing stratum compactum as a substrate. According to the present 
invenfion, the medical device is used while keeping a matrix of ttie stratum oompectum of the tissue membrane as it is. 
Uterefbre. the medjcal dewioe allows the regenetBtforip growth and self-repair of defMivQ tlssiia 

Furlhenmore^ the medical de^a acoordhg to iha present Invention h axceHant in strength and easineee to treat 
and therefdre Is excellent \n operativeness In surgical operations. Thus, H ie possible to facilitate the treatment in a 

IS patient and to allow the patient to leave hospital eartfer than usual The medical device according to Ihe present bwen- 
tlon IB suitably uded for a medicaJ prosthesis and an artiTidal tissue which are implanlabla and ttasue-regenerative, such 
a£ a pledget a boleterp a patch graft a suture, a donor-site sMn graft, a post'^sperativa arttiadheslve^ an ariif idal blood 
vessel, on artificial urethra, an artVidal ureter, an artitidal esq^hagus, an artlfldal trachea, an artHicial mentnana tym- 
parn, and an artificial oral mucosa. The present invention presides the sMcellent medical de^oa as described above, 

60 thereby facilitating ihe treatment 

In addftion, the human amnion has been treated as medical waste after parturifion. and no use of the human 
amnion has been found Therefore, it is possWe 1o recover the human amnion as a poat-deliveiy wa^a. in this way, a 
large amount of raw materlalis available at low coei 

The composite medical device according to the present invention can have appropriate f laxtoilhy which Is almost 

25 equal tothet of a material before being rQinforcad. Therefore, the oompjoslte medical device Is excellent in ea$in«$s 1o 
treat for prosthesis and anaplerosis of a defective part of the body. The composita medical device not only suffidently 
satisfies the requlraments such as biooompetltenty, Woaffinrty, strength and flexibility but also has strerjgth for suture. 
The resultant composite medical device has remarkable effads on repair of an excised or incised site of an organ such 
as the liver, pancreas, spleen or gallbtedder arxJ prosthesis of a sutured site of Ixonchus as a medical prostiiesis for 

$0 homdoflous transplantation having suture reinforcrng ability. 

Afthough the present Irwention will be described betow by way of examples, the present invention is not Fmited 
thereta 

gxamolea 

OS 

(1) Working oondit'ons 
A Working environment 
49 1. Working place 

All steps except for uitrasonicaiidn are conducted on a dean benifih placed in a sterilized room (aase 1 tM). 
2. Clotting ol an operator 

Art operator puts on BterlUred c^, mask, dust-free garments and shoes in ar>omer room before entering the dean 

room. . 

Al operations are conducted while the operator wears a pair of sterilized disposaWe rubber gloves. Whenever Iha 
operator enters and goes out from the clean room or the operator touches an unsteril^sed substance, tha nJbber gtavas 
so shouldbesubstitutadby another pair of starred rubA)arglwee. 

B, Water to be used for production and the like 

1, Vteter used ftar production is aNuaya treated according to the following procedure. 
£S Weter Is fittraled using a pref ilter and an uhrafinratfon membrane. The filtrated water Is periodlcaily collected, 

and then is subjected to Gmulus lysate test to deieci endotoadn. The water, from which no endotoxin is detected, is 
used iot production. 
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2. Thd dpparatu& should b& sumqlenQy sfedrized wHh 75^ ettianQl to pravem bacteria grcMutti tfiereirt when not 
u8dd for a long timd. 

3. Contajrtei« and taols u£dd in eacft step are sutf iciamiy starilized with 75% athanot and preservetr unti th«ir usa 
9 by immarsing Into a 1% banzalKonium chforfde solution. 

(2) A pnodudlon methcad using arnnian cf human fetal mani>fans 

Ihe rrienlTmriDLfi ni»fica] cistftco was pnxluc»d accord 
70 An Intormediate mambfana obtdinad by each step was presanred in 0,1% ba<valtonium cMorttfa solution. 

1. Separation of amnion from fetal nwnhbrane 

A cwtairw made of stainlesa steel filled wHh 0.1 % benzaltonium chlorlda solution. Then, a human fetal mem- 
13 brane le placed wHMn the container. Tha hunan fetal mambrana bathed In the sohjtiort with hands wearing riAber 
gloves so as to peal off amnion. The obtEunad amnion b siiflTolently washed With iM&ter. thereby obtaining a first Inter- 
mediate mambrane. 

2. Removal of foreign substances (1) 

20 

The ftret Internnedfaie membrane le spiead over a plaslfc plate so ae to remove any milky white cas«fn-tike eub- 
etancBS. Than, the membrane le eulffeiently waahed with water, fherefey oblainino a second intennediata membrane. 

3. Rein treatment 

2S 

FiTBt. QS^ M phosphate buffer solution, pH 7 is prepared using sodium hydrojjenphosphite and sodium phosphite. 
Then, Godlun Chloride i$ added to the buffer eoMJon so as to be 0.9 v/w%, thereby obtaining a buffer solullon used in 
EMamplas of the present invention. Next. S liter ol the buffer solution is poured into a container made of stainless steel. 
Then, the container is sealed so that the buffer solution is sterilized at 1 20*0 for 30 minufes. After cooling the buffer 
^ solution, 2.5 o of fiodium azide rs dissolved into the tsuffar eolution, Thea 0-5 0 of fioin is dissolved into the obtained 
solution. Ten second Intermediate membmnee are put Inb lheconKainer» and ara allowed to stand aft noom temperature 
fbr 24. hours. Thereafter, the inlemiediate membranes are sufficiently washed with water, thereby cblaining thfrd Inter- 
medial a membranes. 

h is preferred that Step 3 is conducted withan 24 hourSk preferably, several hour^ more preferably, one hour after 
33 completion of Step 1. 

4- Removal of foreign autsstances (2) 

The th?rd Intermediate mambrana is spread over a plastic plate ao as to remove any nt'lky white caseln-nke sub- 
4Q stances by rubbing the surface wrth a plastic stripi Then, the mennbrane is sutnciently w^ed whh water, thereby 
obtaining a fburth intermediate membrane. 

It ifi preferred that Step 4 is conducted wrlhih 24 hours, preferably, sovBrai houre, more preferably, one hour after 
completion of ^p 3. 

45 SL Attachment of framea 

A rectangular frame made of polypropyf ene having an inner dlmenston of 24 cm long by 33 cm broad is placed on 
a plastic plate, the fourth iniemiediata membrane is spread over the frama. and another fr ame m ade of polypropylene 
having the same dimension Is superftTfjaaad thareom Then, the two ffiamea and the fourth intBrmadiale membrarre are 
so fixed with clips. 

6. Ultra&onlcatbn 

The fourth ihtermedlate merrfcrane r«ed with the clips is sufipended in a vessel mada of stalnlesa steel. The fburth 
55 Intermediate men^rane is subjected to uHrasonicatfon for 15 minutes using a ultrasonic generator while oveif lowing 
water. 
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7. Packing 

TT» msfrbrane obtained by tfre abws sleps ia itnpregnated wHh 0.1% berHaltenlum chloride sohitlon, Thoa the 
tnembrem IS put mto a $l6ri(iz9d polyetttyleiie bag wttich is in turn thermally sealed. 
s re$uHant mfimbmne oonsiste eeeent'dlfy ^ fitratum oompactum. 

(3) Quality of the obtajned stratum compadum merrtfiraiiH. 

Ttta thus csbtalned medical davica consisling essonttalfy of alratum oompadum haa the fallowing qualities. 

1 . Tba maniMBne is transparent or semlHransparGnl. 

2. No fbraign aiibstanca la found to ba attached to the merrtrana through obsarvatican using a loupe off 1 0 magni- 
fications. 

IS 

3. The nwrrbrans was placed into an Erienmayar flask, and ICO ml of physotogieal eallna was acfcled thereta The 
Ertenmayer flask was sealed wKh an cap made of aluminum and was heated at 70*C for 24 hours. After being 
cooled, the membrane was removed from the Erlenmeyer flask so that a remaining solufion serves as a lest wrfu- 
lian. The test soluton w^as tested In a pyrogen lest No. B-329 according to Jepanesa Pharmacopoeia. The lest 

30 sotutrcn was evaluated as suiiaible in the test 

4. The membrane was aEoptlcally picked up from the package, and waa partially cut into sfnall pieces with a pair of 
sterilized sclsscre under aseptic conditions. 

ja? Then. 5 g ol the pieces Of the membrane was put inlo a lest tube containing 1 40 ml of thloglycolate medium for ateriSty 
tesl. A bacterial Rmit test was conducted in accordance with sterility test Na B-391 accorting to Japanese Pharmaco- 
poeia. The ntembrane was evatuated as suitable in bacterial limit test. 

For a fungus limit test on the olher hand, about 1 fl of the pieces of the membrane obtained by the same pnxedure 
as mentioned itoove wa« put inla a 200 ml Erlenmeyer ffasK containing 40 ml of glucose peptone medium. The fungus 

$0 limit test was conducted in accordance with sterility test No. B-391 acoofdirtg to Japanese Pharmacopoeia. The mem- 
biana was ewaiuaied as suitable m the fungus limit test 

(4) Application of the resultant stratum compachjm membrane 
as ±1 

The reeUtant stmtum oompadum membrane which Is a medk:ai devfee of tfie present mvanBon was sealed wf thin 
a bag, and sterilized 1^ gamma Irradiation at 2.5 megarad rayage. 

The medical device having the following properties: the men^ranous medical de^ cart be used as a medical 

40 product such as a donor-site skin graft, and wound and bum dressings: the memoranous medical <fewice can be used 
as a medical prosthesis fbr a defective part of a pleura in combination with fbrin coagulalton; and the nrwihranous 
medical devica has safety and affecfivaness as a homograft allowing regeneration and sdf-repair of fisaue of an 
affected part TTie usefulness of the membranous medical device in combination with the f ibrih coaguflation aa a medical 
prosthesis was confirmed through the animal axpetiment as described below. 

4S Th© membranoue medical dwice was ewalualed using pleuras of female bsagle dogs (n-4) as follows. The pleura 
was cut into a f^ece measuring 2 x a cm^ using a scalpel under the anesthesia by NembuUl Intravenous Injecfion and 
Inhalatton of hatothane to be peeled off. Then. 500^J of Liquid B {l.&. a mixture of a caldum chloride solution and pow- 
dered thromWn) was added dropwise onto th© bleeding deftectlvo slta with a syringe. Tlian, a square medical davlDo 
described abov» measuring 3x3 cm^. wNch had been washed wfth distilled water, ak'-dried, and then starilrzed with 

50 ethylene oxrde gas, was placed on the defective stte. Furthermoro, SOOjJ of Ucjukl A p-ft-- « mixture of an apratinin solu- 
tion and a powdered human ftorinbgen containing factor Xlll) was added dropwise onto the medical dwice to proceed 
fibrin coagulation (BeriplasI, Behrlngwerke AGS). After one, f ive and ten trtnutes following the applicalfon of the medical 
device onto the defective part internal pracsure of respiratory tract was elevated to cause pulmonary fistula in order to 
examine the fiubeKtuflon effect of the medical davlco. As a control, tha f brln coagulation was formed by overlaying Uq- 

ss uld A and Liquid B on the d^ecUve site of pleura. The results are shown in Tabia below. 
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so 

The membrane obtained in item 4.t cut into stripe. The obtained sirfps were twisted fnto threads. The threads 
were piled and twisted Jrrto a thread. After being sterBized, ^ese obtained threade can bo used as sutures for homolo- 
gous trensplfintations. 

A tubular member was formed in aooordancd wiiM a filament winding method. T^e membrane obtained In 4,1 wad 
cut into strips. The ctrlp was wound around a Teflon™ bar-shaped core material having an outer diameter of 3 mm in a 
lajrered manner in a wet etate eo ae not to leave any epaca The wound fitrfp was immefsed into 02% Qfutaraldehyda 
so solution for 15 mirwtes eo as to cause a croGslinKing reaction^ or was dried and heated at l DS°C for 24 hoirs. resulting 
in a hixilar materfei made of a crosslinked material. Than, tha bar-shaped core wa& removed Iherefkiom. The OWaoied 
tubular material waa sterilized. reGuhtng In a tubiilar medical device. 

Another tubular medicaf dewce waa formed in the eama manner ae described above using the thread obtained in 
item 4.2. 

35 The recultanl tubular mecfical devises can be used iO( an artificial urethra, an artificial ureter, an artificial esopha- 
gus, an artificial trachea or an arlif icial blood vee&ei for homologous Iran^iantaiion. 

iA 

40 First, 20 g Of purified gelatine defined by Japanese Pharmacopoeia Na D-524 was wdghaa, and was dissolved 
Wo 500 ml of hot water. Water Is added so as to obtain 2% goiaSne solution. Then, a mesh fabric made of polyglycoBc 
add having a pore of a dlamflter of 300 \im was immereed into the 2% geiatina solution, and was pulled up therefrora 
Then, the mesh was si^serimposed on the men*rane made o( stra[tum compactum (22 cm wide and 31 cm long) 
obtained In item 4.1 , which was spread over a bench. Another membrane was further superimposed on the mesh fabric. 

4B The resulting layered material wae pressed by a glass roller so that the three layeis were sufTfcfentfy adhered to each 
other with gdlatineL The obtained layered material was ruced to a polyprcpytene frame. 

The ts^red material fixed to iM polypropylene frames was suspended within a pressure-redudng. drying and 
heating apparatus under asepfc oondttions. Aseptic dried air at lOS^C was anowed to flow and circulated throughout 
the ^ipamtijs Ibr 24 hours. The obtained layered material was not pealed o« even in water. THe layered material was 

BO crosslinked by (mmerskig it into a aolutfon contaiiing 500 ml of 0.02 M borate buff^. pH 9.0 and 1 oo ml of S% succinic 
anhydride solution in acetone at room tefnpemture for 2 hours so as to cause suodnailoa After termlnaflon of the reac- 
tion, the layered material was sufficiently washed %vi1h water and dried. Then, the layered material was subjected to a 
ggnvna iiradJation at 2.5 mogarad rayage. As a result, the reinfbrced layered medical dowfce was obtained. Tlie struc- 
ture of the thus obtained composite medical device according to the prasam invention wss shown In Figure 2. The Cam- 

ss posHe medical device had a sandwlchHlke structure in which the mesh^like bloabsoibable material 7 lor reinforcement 
is interposed between a pair ol membranous medical materials 1 2 each made of stratum compactum. 

The thus obtained composite medica) device can exhibit remarkable effects on r^ and prosthesis of an excised 
or Incised sHo of an or^n euch as Irv^r. pftnereas. spleen and Qf^Moddor and a sutured silQ of a organ Of bronchus aS 
B medical pn^sthesisfor homologous transplantation having suture reinfercinfl ability. 
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i& 

A Bdlution of collagen at a corKentraflon of 0. 15% by weIgM was prepared using a buffer solution containing urea 
and creaUnd hydfOChloridfc The layered relnlorced n^icaJ device was obtained i3y the same meUiod as that in item 4.4 
5 except It^at m collagdn solution was used instead off tie puriffad gela^n& solution. 

The obtained oomposite nndCiicel davioe can be used for thd same application as tiat of the oonnposite medical 
device In item 4.4. 

The membranouB material 22 made ol stratum compactum was prepared according to ttie process described in 
Item 4.1 . The membranous material 22 was rectangular, wHdi measured 22 cm by 31 cm. "ma membranous matefial 
22 wae stitehed as shown in Figures 3 through 6 under aseptfc condHTons. A pdyglyool acid thread having a slio eqiiv- 
atent to Na 40 ooun4 was used as a thr^d 4. 

IS The peripheral area a of the oomposite medical device shown In FTguro 3 was stHched In running slltohes atong four 
sides of the composfta medical d&f tCQ. TTio peripheral area a corresponds to a region between a Bne 2 mm insfcle and 
a Rno 20 mm IrBidg from the outer drcumfsi qhoq of four sides of the membranous material 22. Rgure 4 is an entarged 
partial plane view showing the stitch pattern In the peripheral area a. As shown In Rgures 4 and 6, sfflches were done 
so that an interval between one stitch lino and anolher stitch line is 4 mm and an intsrval between adjacent stitches Is 

JOT 2 mm. Frgure $ is a croes-sectiortal view taken alor^ a Inie IV-I V h Figure 4. 

The central area b (a con-esponding to a recion inside a line 20 mm insido from the outer circumference of tha 
membranous material 22) was stitched In running stttches bo<h In verKca! end horizontal directions. Figure 5 shows an 
enlarged partial plane view showing the stitch pattern in the central area b. As shown in F^ure 5, both in vertical and 
horizontal directions, stitchBa were done so that an imetval between one eliteh line and another sftch line wae 10 mm 

216 and an Intewal between adjacent stitches was 6 mm. 

The reeuHanl stitched mertjranous material was immersed in 2% purified gelatine solution. Then, the mamtoa- 
nous material was pressed by a nailer made of stainless steel on a stainr$ss plata so as to reduce unevenness d 
stitches. After having been sufficiently washed with water, the membranous material was fixed between a pair of poly- 
prxjpylene frames wHh clips and waa asepfically dried at 1 05^?, resulting h a composite medical device. A thickness of 

^0 the obtained compoeita medical device was 16 pfx 

il 

The same procedure described in item 4.6 was repeated except that a zig-zag elHch pattenn Is used as a stitch pal- 
as tern instead d the running sttch pattern. A composite medicaJ device ha\rtng a thlcl<ness of 1 5 iim was obtained. 

\terlou8 other modifications will be apparent to and can be readily made by those skilled In the art wrinout departing 
from the scope and spirit of tiiis indention. Accordingly; H is not intended that the scop© of the claims a(:^ended hereto 
he limitad to tiie description as set Ibrifi herein, but rather that the claims be broadly construed. 

4f> Claims 

1 . A medical device consisting essentially of stratum compactum ot tissue membrane. 

2. Tie medical device according to dalm 1 , wherein tha tissue membrane is human amnion. 

3. The medical device aocording to Claim 1 or 2, wherein a nrwtrix patten on a top face of the stratum compaclum is 
asymmeulcal with respect to a mablx pattern on a bottom face thereof. 

4. The modlcel device according to any one off claims 1 to 3, wherein the macfioal device is merrfcranoue. 

so ... 
& The medical device according to any one ol ctaims i to 3» wherein the medical device Is Iidtoub. 

6. The medical devica according to any one ol claims 1 la B, wherein the medical device Is tubular. 

55 7- A corrposite medical devfco comprising: 

a medical materia! consisting essemially of stratum compactum off tissue membrane: and 
a bioabsofbafals maforlal. 



10 



PAGE IS/26 ' RCVD AT 6/26/2007 4:07:02 PM [Eastern Daylight rune] ' SVR:USPTO-EFXRF-5/17' DNIS:2738300 * CSID:6124S5-3801 ' DURATION (inin-ss):07-2S 



86/26/2007 



15:02 612-455-3801 



HSML, P.O. 



PAGE 19/26 



EP0734736A1 

8. ThA composite medical device acconding to claim 7, ^^erej^ the bioabsortable material is polyfllyoolifi add. poly 
lactic acid, or a copolymer including glycolic add or foclic ^dd ^3 main components 

d. The coiTipo6tte m^cal d«viM accoiding to claim 7 or B, wherein the bioal^sorbabla material is a mesh-llka material 
B havfrig ngt av«raga diameter of a por a in tn« rangd of about 100 to atxM 2000 moi. 

1 0. The compoaile medical device aooordlng to dalm 7 or 8, wherein tha inedfcal material Is meifixanous Etnd the bio- 
Bi?sorbdble material Is flat sheet-ahepad, and tha connposite madicaJ device has a sandwich-HKa structure In whilch 
the bioabsortsafale malarial le interpceed batwaen a pair of membranous medical materials, 

10 

11. "Ria oonpositB medical dartce aocofding to dalm 7 or 8b wherein tha medical malarial Is memtjranoua and the 
. medical materia is relnlbrced with atitdiing of a fbroua material made of Iha bioabaOibaWa iTWlerial. 

1 2. A mothod tor producing a medical device consisting essentially o1 shatum oonipactiim of tissue membrane corn- 
is prising the steps of: 

separafing Ifssue membrane inclucffng stratum compadum Irom tissue; 
sterilizing or dlsinfacting tha eeparated tissue mgmbrane: and 

removing all other layers except the stratum oompadum from tha sterilized or disinfected tissue membrane 
using an enzyme. 
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FIG, 3 
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FIG A. 
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